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Electrification of EflIuvla from C]temical Reactions. 21 

(3) The principal applications of the methods herein 
described are the measurement of the apparent magnitudes of 
very small or very distant sources of light such as planetoids 
and satellites (though larger bodies are not excluded), and of 
the angular distances between very close double stars. 

(4) On account of the narrowness of the interference- 
fringes when a very minute body is under examination, the 
method of obtaining these fringes (by a pair of adjustable 
slits in front of the objective of a telescope) is open to objec- 
tion, from which the refraetometer method is entirely free. 
Further, this last modification makes it possible to extend the 
effective aperture of the equivalent telescope without limit. 
Thus, while it would be manifestly impracticable to construct 
objectives much larger than those at present in use, there is 
nothing to prevent increasing the distance between the two 
mirrors of the refractometer to even ten times this size. If 
among the nearer fixed stars there is any as large as our sun, 
it would subtend an angle of about one hundredth of a second 
of are ; and the corresponding distance required to observe 
this small angle is ten metres, a distance which, while utterly 
out of question as regards the diameter of a telescope-objective, 
is still perfectly feasible with u refractometer. There is, 
however, no inherent improbability of stars presenting a 
much larger angle than this; and the possibility of gaining 
some positive knowledge of the real size of these distant 
luminaries would more than repay the time, care, and 
patience which it would be necessary to bestow on such a 
work, 

In concluding, I wish to take this opportunity of expressing 
my appreciation of the disinterested manner in which my 
efforts have been so ably and zealously seconded by Mr. F. 
L. O. Wadsworth~ Fellow of Clark University. 

II. On the Electrification of tlte Ejfluvia from Ctzemieal or 
from Voltaic Reactions. By J. BRow~ *. 

1. -]~ROM the series of very interesting experiments pub- 
At_' lished in the January number of this Journal, p. 56, 

Mr. J. Enright concludes that nascent hydrogen and other gases 
become positively electrified by contact with acids, and nega- 
tively by contact with salts in solution. The line of experiment 
struck out by Mr. Enright will, I think, afford valuable aid 
in investigating electrochemical hypotheses; but it would 

* Communicated by the Secretaries of the Electrolysis Committee of 
the British Association. 
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22 Mr. J. Brown on the Eleetr~eation of the 

seem improbable that the mere contact of any two substances~ 
without anything further, could perform the work necessary 
to produce a difference of potential of 4"2 volts, as found by 
Mr. Enright, or indeed any considerable fraction of a volt. 
The experimental evidence appears to be entirely against 
such a supposition, and I felt that some other explanation 
would probably be found to be the true one, more especially 
on considering Mr. Enright's observation that the passage of 
de-electrified gas through an acid did not electrify it, and his 
statement on page 63 that "whatever tended to electrically 
connect the charged liquid with the oppositely charged 
escaping gas, also tended to lessen the charges on both." 
If "con tac t "  produced the charges, it is difficult to see how 
further '~ contact" could lessen them. 

2. On carefully reading Mr. Enright's paper~ and before 
making any experiments of my own, the following hypothesis 
suggested itself' to me from consideration of the typical 
experiment, viz. zinc dissolving in hydrochloric acid, in which, 
as Mr. Enright shows, the issuing gaseous matter is positively 
electrified and the acid solution negatively electrified~ until 
finally, owing to the formation of a certain amount of zinc 
chloride, a reversal of the electrifications of both gas and 
liquid occurs. 

I use the word "gas " tl~roughout thefirst part  of  this paper 
for  convenience. As will appear further on~ it is not certain 
what the nature of the electrified matter is. 

3. Ordinary zinc is always an alloy of zinc and other 
metals--iron, arsenie~ &c. 

Fig. 1. Fig. 2. 

ItC1 tt~CI~ 

Suppose a b, fig. 1~ to represent a portion of the surface of 
such zinc, where a is pure zinc in contact with the foreign 
metal at b, the whole being immersed in hydrochloric acid. 
The solution of the metal takes place by the formation of 
little local voltaic circuits, the chlorine combining with the 
pure zinc at a, while the hydrogen is evolved at b, and the 
local current flows with the arrows. 

There may of course be a larger number of ttC1 molecules 
iuvolved than in the circuit shown, in considering which it 
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J~luvia f~'om Cltemical or from Voltaic Reactwns. ~3 

seems best to adopt an electrolytic hypothesis similar to that 
of Grotthus. 

A film of zinc chloride is now by the action interposed 
between the zinc at a and the hydrochloric acid, as repre- 
sented in fig. 2, where (since zinc chloride forms at a only, 
and not at b) we have a little double fluid cell, and the 
current passes successively through zinc-chloride and hydro- 
chloric-acid solutions, instead of through the latter only as in 
fig. 1. 

The only difference in the two actions seems to be, that in 
fig. 2 certain atoms of zinc take the place of hydrogen in 
fig. 1, and are intermediate in the decomposition of the acid 
by the metallic zinc ; but there seems at first sight no h priori 
reason why this should cause the negative electrification of 
the evolved gas. 

It may be pointed out, however, that if we think with 
Faraday that, while the source of the energy of the current in 
the cell is the potential chemical energy of the active ions, 
the production of that energy in the form of current instead 
of heat is closely related to the decomposition of the electro- 
lyre, we may presume that the method of the decomposition 
will probably exercise considerable influence on the electric 
phenomena. It  seemed not improbable that in the case under 
consideration the reversal of potential in the gas was due to 
the change in the electrolytic action, as described above. 

4. I therefore thought it worth while to test the above 
hypothesis, and after repeating Mr. Enright's experiment 
with zinc dissolving in hydrochloric acid, and observing the 
very remarkable electrification and reversal of sign which he 
describes, I determined to make trial of a cell with the b part 
of the metallic surfhee in fig. 2 represented by platinum. 

A piece of platinum foil was attached to a small piece of 
it sheet zinc by bending the zinc over it and clipping th tight'e 

and the couple so arranged was placed in a beaker, zinc 
lying flat on the bottom, the platinum standing upright. 
The zinc was covered with strong zinc-chloride solution, on 
which was carefully placed hydrochloric-acid solution of 
constant boiling-point, in contact with the platinum only. 
Gas was given off rather slowly from the platinum. The cell 
was now placed on an insulated metal plate connected with 
an electrometer, giving a deflexion of 60 divisions on each 
side of zero for one Daniell cell. The spot moved very 
slowly to 10, and showed the cell to be positive. I repeated 
the experiment, using acid diluted with an equal measure 
of water, and the spot went to 35, cell positive. In both cases 
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24 Mr. J. Brown on the Electr~'fication of the 

there was a sli ht haze of minute bubbles risin from the g . g 
zinc, which I thought might affect the result. 

5. To avoid this and to get a freer evolution of gas from 
the platinum I platinized it, and clipped it to the end of a strip 
of zinc 12 centimetres long by 1{ wide which was bent into a 
flat spiral and amalgamated. Strong zinc-chloride solution 
contained in a small beaker covered the zinc to about 3 mil- 
limetres above its upper edge, and on this strofig hydrochloric 
acid was carefully poured with a specially constructed pipette~ 
so as to avoid as much as possible any mixture of the two 
liquids. There was a moderate evolution of gas from the 
platinum, none visible from the zinc. On connecting the 
cell as before with the electrometer, the spot went to 350 in 
four minutes, indicating the cell to be positive, and, by ira- 
plieation, the issuing gas or vapour negative. 

6. There was not in any of the trials the slightest indication 
of any positive electrification of the issuing gas, though it was 
in two of them evolved in immediate contact with strong 
hydrochloric acid. 

7. The same experiment was now repeated, using strong 
zinc-sulphate solution surrounding the amalgamated zinc and 
a 5-per-cent. solution of sulphuric acid in contact with the 
platinum. Again the cell was positive from the first and the 
spot went to 350 and off the scale in 9 minutes. 

8. When the zinc-platinum couple was immersed in acid 
only, the sign of electrification of the cell varied according to 
circumstances. It was positive (i. e. the issuing gas negative) 
for both strong and dilute hydrochloric acid, except in two 
cases with dilute acid when the zinc had been standing so as 
to oxidize in the air, and evolved gas from itself. With 
sulphuric acid the cell became quickly positive with a 5-per- 
cent. solution, but slowly negative with a 10-per-cent. 
solution. 

Although the results in this form of experiment are not 
inconsistent with the hypothesis of § 3, the conditions seem 
not sufficiently determinate or distinct to warrant any certain 
conclusion beyond the obvious fact that here also negatively 
electrified gas can be evolved from acid solutions without any 
admixture of salt. 

9. It was felt, however, that the employment of a zinc- 
platinum couple as an expression of the conditions stated in 
§ 3 was perhaps open to objection, and an endeavour was 
made to get nearer the supposed conditions. A strip of zinc 
was cleaned, bent into a spiral, and placed with its lower edge 
in zinc-chloride solution on which was poured hydrochloric- 
acid solution. This cell, however, became negative and 
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E~uvla from Chemical or from Voltaic Reactions. 25 

subsequentl~ positive, as in Mr. Enright's experiment. The 
conditions l~ere also were not sufficiently distinct. 

A strip of zinc 10 centim, long by about 1 wide had a 
gutta-percha-covered copper wire soldered to it and the joint 
protected by a covering of gutta-percha. It was then bent 
into a spiral to lie on the bottom of the small beaker, the wire 
rising vertically from it. It was cleaned but not amalgamated, 
and was covered to a depth of 11 centim, with strong zinc- 
chloride solution. A bent copper sheet was then clamped 
to the wire with its lower edge ~bout 1 centim, above the 
zinc chloride, and a solution of hydrochloric acid, con- 
taining 20 per cent. strong acid, was carefully poured in 
until it rose 2 or 3 millim, on the copper. Gas was 
sluggishly evolved fl'om the copper, and the deflexion altered 
about 3 divisions in 1"2 minutes, apparently indicating a 
feeble negative electrification of the cell. In a second experi- 
ment, using a 5-per-cent. acid solution, the cell seemed feebly 
positive, the index moving 10 divisions in half an hour. 
But the results of both trials are sb small as to be incon- 
siderable. 

10. The copper was now removed and replaced in a new 
experiment by a piece of zinc cut from the same sheet 
as that already in the cell, but not cleaned, in order that it 
might be less active towards the liquid and represent b in 
fig. 2. 

Its lower edge was about 3 centim, above the zinc- 
chloride solution, and was immersed to a depth of 5 millim. 
in a mixture of 1 part strong hydrochloric acid with 4 of 
water. Gas was sluggishly evolved from the upper zinc and 
the spot moved in 71 minutes to 35, cell positive. It then 
returned and the cell became negative, 110 divisions~ when 
the experiment was stopped. 

11. The experiment was repeated with a 10-per-cent. acid 
solution, with the in~eresting results g~ven in tabular form 
below, where the first column indicates the number of minutes 
which elapsed after immersion of the upper zinc in the acid 
solution, and the second the potential of the cell, positive or 
negative, in scale-divisions as indicated by the electrometer. 
No gas was evolved from the lower zinc. 

5 + 18. Gas sluggishly evolved from upper zinc. 
1l +75. Striae of ZuCI~ solution streaming down from 

upper zinc. Rather brisker gas-evolution. 
15 +101. 
16 +? Positive electrification reaches limit and begins to 

fall. Probably local action at upper zinc begins 
to predominate and the Enright effect supervenes. 
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26 Mr. J.  Brown on the ElectrOcution of the 

16½ +85. 
18 A- 13. Gas now fizzing off well from local action at upper 

zinc, 
22 --22. Cell has changed sign of electrification. 
25 -- 62. Limit of negative deflexion. Action again reverses 

from effect of locally formed ZnCl~ on upper zinc 
combined with that in contact with lower zinc. 

26 -- 50. 
o 

28 + 43. 
3O + 193. 
31 + 290. 

Cell again changes sign of electrification. 

Whether these conditions be considered a sufficiently near 
approximation to those involved in the hypothesis of § 3 or 
no, it is at all events improbable that the electrification of 
the gas is due to any effect of " contact " in its nascent state 
with either solids or liquids. Its electrification is rather 
connected, in an as yet somewhat obscure but interesting way, 
with the particular molecular arrangement in the voltaic 
action by which it is evolved. 

12. Some experiments were now made in the hope of 
deciding whether it be the gas itself that is electrified, or if 
the charge he on something like spray carried up with the 
gas. The effluvium experimented on was that from zinc 
dissolving in hydrochloric acid, which, as is well known, 
contains much foggy matter. This may be of the nature of 
fine spray, but it comes up with the gas in the bubbles as 
they rise through the liquid, and is probably formed at, or 
nearly at, the same time and place as the gas itself. I t  is 
distinct from the larger droplets thrown off from the free 
surface of the liquid by the effervescence. There was some 
doubt whether it should be called spray or fog. The latter 
word has been decided on as best describing its appearance 
without reference to its origin or actual constitution. 

13. A beaker was fitted with a paper hood so as to deflect 
the issuing gas and direct it  upon the jets of an insulated 
water-dropping funnel, whose drops fell into a separate insu- 
lated vessel connected with the electrometer. Now, i f  ~he 
charge were on spray-drops which would adhere to the funnel 
and so connnuuicate their positive charge to it, the drops 
falling from it would carry down some of this charge to the 
receiver and the electrometer would accordingly be affected. 
The experiment was repeated, with modifications, a number of 
times, but the results were not uniform, and were apparently 
complicated by imperfect insulation of the funnel (which was 
supported on a paraffin bar) permitting negative electricity 
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E~uvia from Chemical or fi'om Voltaic Reactions. 27 

to he attracted to the jets by the positively electrified efflu- 
vium ~ 

14. Various other forms of experiment all indicated that the 
effluvium was highly electrified but did not readily part with 
its charge to bodies immersed in it. Of these the ibllowing is 
typical. A large beaker was suspended by silk threads mouth 
downwards, so that it could be filled by gaseous displacement 
with the effluvium from zinc dissolving in a beaker of hydro- 
chloric acid. An insulating stand~ on Mascart's principle~ 
was made by cementing with paraffin a glass rod upright on 
a flat-bottomed flask and drying the glass surfaces by strong 
sulphuric acid placed on the paraffin. On the top of the rod 
could be placed either a brass ball 4 centim, in diameter~ 
an inverted glass flask about 6 centim, in diameter with 
moistened surfac% or a smooth-skinned apple a little smaller 
than the flask. Each of these could be immersed in the freshly 
generated gas for a given time in order to receive any charge 
communicated by contact with the electrified matter, or else 
caused to take a charge inductively by a momentary earth 
connexion while so immersed. They were each then carried 
to the electromete B and when put in contact with it gave the 
following deflexions : -  

Apple immersed in the effluvium for 2 minutes. -i- 230. 
7, ,, I i  ,, + 180. 

and momentarily put to earth. About-- 550. 
Wet flask immersed for 1! minutes. -t- off scale. 
Brass ball ,, 1~ ,, d- 160. 
Brass ball immersed and momentarily put to earth. -- 400. 

- 45. 

In the last experiment five minutes were allowed to elapse 
after filling the large beaker~ when the grea~er part of the 
fog had disappeared. In the others the amount of charge 
was doubtless influenced by the greater or less volume of 
electrified matter that happened to be present. 

15. In order to test the electrification of the hydrogen itself 
immediately after its generation and with the fog removed~ 
drying by calcium chloride or other substances was suggested. 

A small flask was fitted with a chloride-of-calcium tube 1"3 
centim, wide by about 10 centim, long~ filled with the chloride 
in the usual granulated form and kept in place by a cotton- 
wool plug at each end. Zinc and hydrochloric acid were 
placed in the flask, and a water-dropping funnel connected 

* The electrification of the proof-plane used by 5It. Enright, as 
described on p. 65 of his paper, was perhaps due to the same cause-- 
imperfect insulation allowing leakage. 
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28 Mr. J .  Brown on the Electrification of t]te 

with the electrometer was employed to test the potential of 
the gas~ after it had passed through the drying-tub% which 
was bent at the neck to an inclined position~ and provided 
with a paper hood to direct the gas upon the funnel-jets. In 
the first trial no fog was observed to issue from the tube, and 
the index moved only about + 1 0  or + 1 2  divisions. In a 
second trial some fog issued~ and the deflexion was about 
+ 20, afterwards falling to about + 10 while the gas was still 
forming but no fog visible. 

The experiment was repeated with the calcium chloride 
replaced by particles, of about the same size, of fine clean 
gravel. Very little fog appeared, and deflexion was + 6 0  to 
+ 200. 

In a third modification of the experiment with the drying- 
tube full of cotton-wool there was a slight issue of fog at first 
with a deflexion of + 50 ; afterwards less fog and no readable 
deflexion. 

16. The results of these experiments point towards the 
conclusion that the electric charge is on the fog particles. 
But it is to be remembered that if it be on the hydrogen 
(supposing a gas can be electrified~ which appears to be 
doubtful *) the gas particles might themseh'es become de- 
electrified by the processes used to remove the fog, or part 
with their charges by contact with conductors, or~ indeed, in 
this way electrify the fog particles themselves. 

The question really is~ which was originally electrified-- 
gas or fog? And inconsidering this i t is  to be noted that the 
fog here dealt with is~ as explained in § 12, probably formed 
at the source of evolution of the gas itself~ and therefore its 
electrification (if it be electrified) may be connected with the 
ldnd of chemical or voltaic conditions under which the gas is 
produced. 

17. As evidence bearing on this latter point~ it was suggested 
to me to try if any electrification would occur during the evo- 
lution of gas without chemical change from an effervescing 
liquid such as soda-water. The contents of a fi'eshly-opened 
bottle were quickly poured into an insulated beaker connected 
with the electrometer. The effervescence produced no sensible 
deflexion. If~ however, a little dilute alcohol was first placed 
in the beaker there was a slight positive electrification. 

18. Among a number of miscellaneous experiments made on 
the subject in general~ it may be noted that barium carbonate 
thrown into dilute sulphuric acid causes strong electrification, 
while in dilute hydrochloric acid it produces a much weaker 

* See Nahrwold~ " Ueber LuftelectficitKt," Wied. Ann. xxxl. p. 448. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ite
 L

av
al

] 
at

 2
3:

39
 1

2 
Ju

ne
 2

01
6 



E~,uvla from Chemlcal o~" from Voltaic Reactions. 29 

effect; the liquid is negative in both cases. The human breath, 
although containing visible fog as well as gas resulting from 
chemical action in the lungs~ does not appear to be sensibly 
charged. 

19. From considerations connected with the first series of 
experiments in this paper, as described in § 3 to § 11, it was 
thought worth while to try whether there was any similar 
electrification of a liquid from which gas was evolved by the 
current from a separate battery as in the voltameter, and 
some experiments were made with this object. 

The battery and decomposing-cell were arranged on an 
insulating stand and connected to the electrometer. Some- 
times the mixed gases were evolved from platinized platinum 
electrodes in dilute acid ; sometimes one or the other gas was 
absorbed by suitable arrangements. I was~ however, unable 
to arrive at any general law governing either the sign of the 
electrification or its rate of increase. The latter varied from 
one division per minute to ten or even twenty times as much 
in the same time. In a majority of eases the evolution of the 
mixed gases electrified the cell negatively, and where either 
oxygen or hydrogen was evolved alone by the use of a double 
fluid arrangement the cell became positive ; but there were 
exceptions to both rules. The question as to the cause of this 
electrification is very interesting, and I hope it will not 
remain long unanswered. 

20. Mr. Enright's remark near tile end of his paper on tile 
improbability of the so-called "air effect" having any con- 
nexion with the theory of the galvanic cell (referring, I 
presume, to the supposed contact-action between metals and 
air or free oxygen), prompts me to point out that what I 
believe will be ultimately adopted as the true theory of Volta's 
fnndamental eontact-experilnent, or at least the first hint of 
this theory, was given by De la Ilive~'; and considerations 
relative to its further elucidation and support will be found in 
papers by the present writer in vol. xli. of the Proceedings of 
the Royal Society, and in vols. vi. and vii. of this Journal. 

My best thanks are due to Professors Everett and Lefts, of 
Queen's College, Belfast~ for permission to use the apparatas 
of the College in these experimeu% and for suggestions and 
advice during the investigation. 

summary of Conclusions. 
When gas is evolved in a chemical or voltaic reaction, the 

effluvium (i. e. this gas or something carried up with it) is 

* Traltd de l'EIdctricitd~ t. i. p, 776. 
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30 Lord Rayleigh on Huygens's Gearing in 

usually, us shown by Mr. Enright, electrically charged (§ 4). 
So far as these present experiments show, no electrification is 
produced by simple effervescence unaccompanied by chemical 
change (§ 17). 

The sign of the electrification is influenced by the kind of 
chemical or voltaic action taking place, and is apparently not 
due to a n y "  contact effect" (§8 4 to 11). 

When the effluvium is that given off from zinc dissolving 
in hydrochloric acid (taken as a typical experiment), and 
consists of hydrogen accompanied by foggy matter, it is not 
decided whether the charge is given originally to the gas or 
the fog particles, though the balance of evidence inclines 
perhaps towards the latter view (88 12 to 16). The fog in 
question is formed apparently at, or nearly at, the same 
time and place as the gas (8 12) ; and the nature of its 
charge (if any) is therefore possibly influenced by the voltaic 
conditions there present. 

The gas, or effluvium, from the decomposition of a liquid 
by a current/~om the poles of a separate battery immersed in 
it (voltameter) appears also to be electrified (8 19). 

Belfast, April, 1890. 

° " ° l  ° III .  On Huygens s Gearing ~n ~ lustratwn of the Induction 
of Electric Currents. By Lord RA~LEmH, Sec. R.S., -Pro- 
lessor of Natural Philosophy in the Royal Institution*. 

A S a mechanical model of the electric machinery at work 
_. in the induction of currents Maxwell employed differ- 

ential gearing ; and an apparatus on this principle, designed 
by him, is in use at the Cavendish Laboratory. Wishing to 
show something similar in a recent course of lectures, and not 
having differential gearing at my disposal, I designed more 
than one combination of pulleys, the action of which should 
be analogous to that of electric currents. These eventually 
resolved themselves into Huygens's gearing~ invented, I 
believe, in connexion with the winding of clocks. As this 
apparatus is easier to understand than differential gearing, 
and the parts of which it is composed are more likely to be 
useful for general purposes in a laboratory~ I have thought 
that it might be worth while to give a description~ accom- 
panied by an explanation of the mode of action. 

Two similar pulleys, A, B~ turn upon a piece of round steel 
fixed horizontally t. Over these is hung an endless cord, and 

* Communicated by the Physical Society : read May 16, 1890. 
? Light wooden laths, variously coloured and revolving with the 

i)ulleys, render the movements evident at a distance. 
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